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The summer internship consisted of two related but separate projects. Kelly E. Anderson, a graduate student in the research group, developed a code based on the Feuston-Garofalini force field
. This energy potential simulates hydrated silica systems (SiO2/H2O) under high pressures and temperatures. It is a two-term, atom-based potential, which allows for the formation and breaking of bonds. The goal of this project is to get some insight into the structure of the hydrated silica system at extreme conditions. My task was to use this developed code to run five independent simulations. The system had a fixed pressure at 250 MPa (2,470 atm) and the temperature was gradually decreased from 9000 K to 3000 K. Each simulation began at different volumes. However, both energy and volume were allowed to fluctuate throughout the simulation. 

Although the simulations have been completed, the analysis work is still under way. Based on the data available, we have been able to make a few observations. First of all, as expected, as the temperature was raised, the molar volume of the system increased exponentially. In other words, as the molecules acquire more kinetic energy (increased temperature), the system will tend to expand. 


However, there is an interesting exception. The systems with little or no water go through a depression point. This means that there is a range of temperatures in which the volume decreases, even though the temperature is increasing (meaning a decrease in density). This is comparable to the phenomenon seen in water, where ice is actually less dense than liquid water. 

In addition, we can look at snapshots of the structure and the types of bonds that are forming and breaking. We can see that as the amount of water increases, the silica network is increasingly broken up. By itself, silica is a very tight and extensive network. However, water reacts with the silica forming smaller clusters within the hydrated silica system.


In addition to the simulations, I was in charge of coding a force field. The potential function is called the Reaction force field
 (ReaxFF). In comparison with the Feuston-Garofalini force field, ReaxFF is a more complicated set of equations. The potential contains ten terms and takes into consideration the relative strength of sigma and pi bonds. So far, I have written up the initial code of the potential energy. Once completed, we will be able to run simulations and compare its results with the Feuston-Garofalini force field.  


One of the biggest challenges in this internship was working in a field of which I had very little knowledge. I have learned an extensive amount of information, both in the chemical and the computational world that can be used in other areas as well. Although I am not proficient, I can say that I am familiar with UNIX and FORTRAN77, as well as different methods and techniques used in computational chemistry. I have also acquired an insight into some applied physical chemistry that may become useful later on as I take on other projects.


In addition, the experience was very valuable because of the exposure into the research world. Gaining insight into how things are run and accomplished at a research university and how the information can be applied to gain results was very useful. More specifically, I learned a great deal about how research works, the process behind publishing a paper/report; learned about collaboration between groups and how to search for the missing information (co-workers, other research groups, textbooks, papers, etc). 


Last but not least, I appreciated the opportunity of applying what I know.  Being able to use the theories and topics we learn in class on real problems. It certainly makes chemistry more meaningful.
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